The objective of this work was to know the occurrence of OTA in organic and non-organic cereals and cereal products from Spain and Portugal. A method based on extraction with matrix solid phase dispersion (MSPD) using octylsilica (C 8 ) followed by liquid chromatography coupled with fluorescence detection (LC-FD) was used to determine OTA from the selected samples. Recoveries of OTA from the studied samples spiked at 10 ng/g level ranged from 78% to 89% with a standard deviation of 3.66. The limits of detection and quantification of this method were 0.05 and 0.19 ng/g, respectively. Furthermore, LC-FD after OTA methylation was used to confirm the identity of OTA in all positive samples. This procedure was applied to 83 organic and non-organic samples including rice, wheat, barley, rye, oats and maize from Spain and Portugal. OTA was detected in 22% of the samples, with concentrations ranging from 0.20 to 27.10 ng/g. From the total OTA contaminated samples (n = 18), 72% were organic cereal and 28% were non-organic cereal samples, with mean concentrations of 1.64 and 0.05 ng/g, respectively. The 66% and 34% of contaminated samples were from Spain and Portugal, respectively, with mean concentrations of 0.93 and 0.64 ng/g for each country. Six contaminated samples exceeded the maximum limits (ML) for OTA fixed by European Commission Regulation (5 lg/kg), among them three were from Spain and three from Portugal.
Introduction
Ochratoxin A (OTA) is a fungal secondary metabolite which has been described as carcinogenic, teratogenic and a potent nephrotoxic. Immunotoxic and carcinogenic properties in rats and humans, respectively, have been reported (group 2B) (IARC, 1993) . OTA has been extensively documented as a global contaminant of a wide variety of foods such as cereal, cereal products, nuts, spices, grapes, beer and wine (Blesa, Berrada, Soriano, Moltó , & Mañ es, 2004) . The maximum limits (ML) for OTA have been set by European Commission Regulation for cereals at 5 lg/ kg and for their products at 3 lg/kg (Commission regulation (EC) No. 123/2005) .
OTA is produced by Penicillium verrucossum, by Aspergillus ochraceus, and by a low percentage of isolates of the closely related Aspergillus niger (Elmholt & Rasmussen, 2005) . These three groups of species differ in their ecological niches, in the commodities affected, and in the frequency of occurrence in different geographical regions. P. verrucossum is the main source of OTA in cereals and cereal products in Europe, it only grows at temperatures below 30°C and down to 0.80 water activity (Elmholt & Rasmussen, 2005) .
Nowadays, many consumers prefer organic to nonorganic foods because they are perceived healthier (Lohr, 2001) , nonetheless contradictory results have been reported in scientific reference related with safety of organic and non-organic foods (Magkos, Arvaniti, & Zampelas, 2006) . In general, organic practices are thought to reduce the risk of plant infection by pathogens. However, there is some evidence that the reduced use of fungicides may lead to a greater contamination by mycotoxins in organic food (Finamore et al., 2004; Tinker, 2000) . Furthermore, environmental conditions such as improper storage, including high temperature, poor drying conditions, and elevated moisture, which are often associated with organic agricultural, may cause fungi survival and promote the development of their metabolites in cereal grains (Frisvald & Samson, 1991) .
Organic farming in Spain began in the end of the 1970s, with small farms, and it was basically promoted by young people coming from the cities. According to a study from 2005 of ''Organic Farming in Europe" by Eurostat, in 2002 the organically farmed area reached a total of 4.9 million hectares (ha) in the European Union of 15 member states (EU-15), that is 3.8% of the total utilised agricultural area of the EU-15. In Spain, in 2003, the total cereals crop area was 6.6 million ha and the organic area percent was 1.5%, while in Portugal, with 450968 ha of cereals crop area, the organic area percentage was 6.6%. This share of organic area cultivation is the highest of the EU-15. Approximately 80% of the organic Mediterranean crops are exported mainly into central and northern European countries (Rohner-Thielen, 2005) .
Jorgensen (2005), Biffi et al. (2004) , Czerwiecki, Czajkowska, and Witkowska-Gwiazdowska (2002a) , and Anselme et al. (2006) found highest OTA values in organic cereal samples from Denmark, Italy, Poland, and Belgium, respectively. However, results may vary greatly accordingly to the type of crop and mycotoxin in study, being some organic foods reported as less or equally contaminated compared to non-organic food. In Poland, Czerwiecki, Czajkowska, and Witkowska-Gwiazdowska (2002b) found several OTA levels in ecological and conventional different types of cereals.
The objective of this work was to study the incidence of OTA in organic and non-organic cereals and cereal products obtained from Spain and Portugal, and evaluate the daily intake of OTA in the two populations.
Materials and methods

Chemicals
OTA crystalline material was purchased from Sigma (St. Louis, MO, USA) with purity grade P98%. Stock standard solution with a concentration of 500 lg/ml, held for less than three months, was prepared in methanol, kept in security conditions at À20°C, and wrapped in aluminum foil, due to OTA breaking down under UV light. Standard working solutions were prepared by appropriate dilution in the same solvent and were stored in glasstopped tubes at À20°C.
Methanol, acetonitrile and hydrochloric acid (37%) were supplied by Merck (Darmstadt, Germany), formic acid (98-100%) was from Scharlau (Barcelona, Spain). Deionised water (8 MX cm resistivity) was obtained from a Milli-Q water purification system (Millipore, Bedford, MA, USA). Chromatographic solvents and water were degassed for 20 min using a Branson 5200 (Branson Ultrasonic Corp., CT, USA) ultrasonic bath.
Bulk C8 solid phase and nylon acrodisk (0.45 lm) were from Análisis Vínicos (Tomelloso, Spain).
Sampling
A total of 83 cereal samples, including wheat, maize, oats, barley, rye, rice and spelt, were collected between April and November 2005 from different markets and supermarkets from Valencia, in Spain, and Coimbra, in Portugal. From the total analyzed samples, 45 were from Spain and 38 from Portugal.
All samples were stored in sealed plastic bags and kept in a dark and dry place. The samples were divided with a subsample divider. A 200 g subsample was milled and collected in a plastic bag and stored under the same conditions until analysis.
Extraction procedure
OTA was analyzed according to the method reported by Blesa et al. (2004) with slight modifications. Cereal samples (200 g) were prepared using a food processor and mixed thoroughly. An aliquot (2.5 g) was placed into a 50 ml mortar and gently blended with 1.5 g of the solid phase (C8), for 5 min, using a pestle to obtain a homogeneous mixture. This mixture was introduced into a 100 mm Â 9 mm i.d. glass column with a coarse frit (No. 2) and covered with a plug of silanized glass wool. OTA was eluted with 20 ml methanol-formic acid (99:1, v/v) using a vacuum manifold. The eluate was concentrated to 3 ml with a gentle stream of N 2 at 45°C, filtered through a nylon acrodisk (0.45 lm), and centrifuged at 5000 rpm for 10 min. The extract was filtered again and concentrated to 0.5 ml with N 2 at 45°C.
Liquid chromatography and fluorescence detection
A Shimadzu SCL-6 A liquid chromatography system (Kyoto, Japan) equipped with two LC-6A pumps, a Rheodyne Model 7125 injector (20 lL loop) and an SRF-535 fluorescence detector were used. A Luna C 18 column (5 lm, 150 Â 4.6 mm ID) was employed with a mobile phase consisting of methanol-formic acid 0.1 M (70:30 v/v) at a flow rate of 0.7 ml/min. Detection of OTA was carried out using 333 and 460 nm, wavelengths for excitation and emission, respectively.
Recoveries
For recovery studies, 2.5 g of rice, wheat, barley, rye, oats and maize were spiked for three replications at 1 and 10 ng/g, and allowed to stand for 15 min at room temperature before extraction.
Confirmation procedure
The identity of OTA was confirmed by methyl ester formation according to Zimmerli and Dick (1995) . Briefly, this technique consisted of adding 2.5 mL of methanol and 0.1 mL of concentrated hydrochloric acid to 200 lL of OTA residue. The vial was closed and kept overnight at room temperature. The reaction mixture was evaporated to dryness and the residue redissolved in mobile phase. Finally, 20 lL was analyzed using LC-FD as described above.
Statistical analysis
Database management and statistical analysis were performed with SPSS 10.0 Microsoft Windows version. The differences in the OTA levels between organic and nonorganic samples, and Portuguese and Spanish samples were tested with the v 2 test. P 6 0.05 (two-tailed) was considered to be statistically significant. For statistical analysis, when the concentration was below the limit of quantification (LOQ) it was set to 50% of that limit.
Results and discussion
OTA recoveries obtained from cereals spiked at 1 and 10 ng/g ranged 69-85% and 78-89%, respectively with relative standard deviation (RSD) of 4.30 and 3.66, respectively. The limits of quantification and detection were 0.19 and 0.05 ng/g, respectively. The results reflected the extraction of OTA using 2.5 g of sample and 1.5 g of C8 solid phase, which gave clean chromatogram profiles (Fig. 1 ). The RSD obtained was according to the European specification (Commission Directive No. 2002/26/EC) .
A total of 83 samples were analyzed, from which 42 were organic and 41 non-organic cereals. In Spain and Portugal, the consumption and production of organic rice, wheat and maize is higher than oats, barley, rye and spelt (FAO/ITC/ CTA, 2001), therefore different number of samples were collected for each kind of cereal.
The results obtained from the analysis of the OTA levels in the samples are presented in Table 1. OTA was detected in 18 out of 83 samples (22%). The range of OTA in the analyzed samples was 0.20-27.10 ng/ g, and the mean level was 0.83 ng/g. Trucksess, Giler, Young, White, and Page (1999) found levels higher than 0.03 ng/g in 56 out of 383 wheat samples, and in 11 out of 103 barley samples from United States. In this study four wheat samples and one barley sample were above the ML established for OTA. MacDonald, Prickett, Wildey, and Chan (2004) analyzed 320 cereals from UK and 52 were contaminated in OTA, which 11 exceeding the ML. Biffi et al. (2004) analyzed OTA in 211 cereal products, the found levels were lower than the legal limit (3 ng/g), and ranged from 0.012 to 2.23 ng/g. In the SCOOP-2 report, the mean content of OTA in cereal grains in the EU was 0.27, 0.60, 0.30, 0.17 and 0.19 ng/g in wheat, rye, barley, maize and oats, respectively (Jorgensen, 2005) . Park, Chung, and Kim (2005) observed in Korean samples that wheat flour samples contained OTA levels lower than 0.5 ng/g, and nine samples of polished rice were above the ML established for cereal grains intended to human consumption. A survey study from Ethiopia showed that from 110 samples of barley and wheat, the frequency was 26.2% and 23.4%, and the mean concentration were 6.1 ng/g and 14.9 ng/g, respectively (Ayalew, Fehrmann, Lepschy, Beck, & Abate, 2006) . In Morocco the average contamination of maize, wheat, barley and rice were 1.08, 0.42, 0.17 and 4.15 ng/g, respectively (Zinedine et al., 2005 (Zinedine et al., , 2007 . The results obtained from the analysis of organic and non-organic cereals showed that 12% of non-organic cereals (n = 42) and 32% of organic cereals (n = 41) were contaminated with OTA (Table 1) . Moreover, the mean concentration of organic cereals was higher than that of non-organic cereals, 1.64 ng/g vs 0.05 ng/g, with significant difference (P value of 0.000). Fig. 2 shows the chromatograms of two naturally contaminated organic and non-organic cereal samples. This study showed that six organic samples exceeded the ML established for cereals (5 ng/g). This may be a consequence of organic production, since it involves varied cultivation practices, limited use of non-synthetic fertilizers, pesticides, conditioners of low solubility and no use of genetically modified organisms and/or any products derived from such organisms, giving a wide margin for probable fungi proliferation and mycotoxin production. Elmholt and Rasmussen (2005) pointed that the problems in organic cereals were most likely correlated to a late harvest and high moisture content of the grain, which were not properly handled in the post-harvest. Therefore, becomes easier to achieve the optimal environmental conditions needed to the growth of ochratoxigenic fungi. Recently in a critical review of the literature about safety of organic food, Magkos et al. (2006) compared the last studies on the OTA incidence in organic and conventional cereals and cereal products, and observed that only in three out of 12 investigations, the OTA contamination in organic was higher than in conventional analyzed samples, while the others presented similar levels. These studies were performed by Jorgensen (2005) , Biffi et al. (2004) and Czerwiecki et al. (2002a) , being the highest value found in a spelt flour sample from organic agriculture (0.816 ng/g) (Biffi et al., 2004) .
In our study, the OTA frequency in whole-grain cereal was higher than in non-whole-grain cereal (33% vs 14%), and the highest OTA level was found in an organic sample of whole-grain rye (27 ng/g). These results are in agreement with a study of Scudamore, Banks, and MacDonald (2003) where the scouring in whole wheat removed OTA up to 44%, once a high proportion exists in the bran fraction. On the other hand, Biffi et al. (2004) , in cereals and derivatives from Italian market, detected the highest level of OTA in spelt whole flour.
In wheat and rice, the OTA incidence was higher than that of other analyzed cereals, followed by maize. ML was exceeded in three rice samples with 5.90, 7.54 and 7.60 ng/g of OTA, in two wheat samples with 7.6 and 7.97 ng/g, and in a rye sample with 27.10 ng/g. Biffi et al. (2004) and Lombaert et al. (2003) studied the occurrence of OTA in rice and rice products from Italy and rice-based baby cereals from Canada and Italy. The levels of OTA were quite low (<1 ng/g) as compared to our results. Also Pena, Cerejo, Lino, and Silveira (2004) studied 42 rice samples from Portugal, and the presence of OTA was found in six samples at concentrations ranging from 0.09 to 3.52 ng/g, while Leblanc, Tard, Volatier, and Verger (2005) , 2001) . According to a statistic study of consumption from FAO Statistics Division, in Portugal, the per capita daily calorie intake from cereals are distributed by rice and wheat with 183 and 745, respectively, and the values from Spain are 79 and 636, respectively (FAO/ITC/CTA, 2001).
According to the source of samples, it was observed that 27% of Spanish samples and 16% of Portuguese samples were contaminated (Table 2 ). The mean concentration of OTA was higher in Spanish samples than Portuguese, 0.93 ng/g vs 0.64 ng/g, respectively. Significant differences were found, P = 0.000.
The OTA range and average contamination for each analyzed sample in each country is presented in Table 3 .
Daily intake
The dietary intake of OTA from the cereal consumption was estimated based on the analyzed samples. The cereal consumption data of Spain and Portugal were obtained from Ministerio de Agricultura Pesca y Alimentació n (MAPA, 2004) and from Instituto Português do Consumidor (2005), respectively. A study of cereal consumption by MAPA suggests that the daily intake of cereals in Spain is 240 g/day, and since the mean OTA level was 0.93 ng/g, and assuming an adult body weight (bw) of 60 kg, the daily intake of OTA in Spain is 3.72 ng/ kg bw/day. In Portugal, since the consumption is 350 g/ day, and the mean OTA level is 0.64 ng/g, the daily intake of OTA is 3.44 ng/kg bw/day. The obtained values are below to the OTA tolerable daily intake (TDI) estimated by the European Commission's Scientific Committee on Food (SCF, 5 ng/kg bw/day) and four times lower than the TDI established by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) (14 ng/kg bw/ day). The daily intake of OTA through cereals samples from Spain and Portugal were the 74.4 and 68.8% of TDI estimated by SCF.
In comparison with estimated OTA daily intake in Italy and France from consumption of contaminated cereals showed lower values 3.08 ng/kg bw/day and 2.2 ng/kg bw/day, respectively (Biffi et al., 2004; Leblanc et al., 2005) . However, in other study the estimated PDI for Korean population ranged from 0.8 to 4.1 ng/kg bw/day (Park et al., 2005) .
Conclusions
The high incidence and mean concentration of OTA in organic cereals and in Spanish samples reinforce the idea of a vigilant attitude in order to prevent human intake of OTA from foods and the necessity to use of good practices in cereal cultivation, harvesting, transport, processing stage, and storage will minimize the final OTA content in cereals and consequently in cereal products.
The OTA daily intake values are below the TDI proposed levels for both countries but for Spain and Portugal these quantities represent the 74.4% and 68.8% of TDI estimated by SCF an alarming percent when the source of OTA would be from other foods.
